Many prey modify behaviour in response to predation risk and this modi®cation frequently leads to a foraging rate reduction. Although this reduction can have a clear direct negative effect on prey growth rate, theory predicts that a net positive effect can occur when the combined reduction in foraging by the entire population leads to a large increase in resource level. Here, I present experimental results that corroborate this counterintuitive prediction: the predation threat of`nonlethal' caged larval dragon¯ies (Anax longipes) caused a net increase in small bullfrog (Rana catesbeiana) growth. A behavioural response (i.e. a reduction in activity level and microhabitat usage) was likely to have negatively affected growth, but was offset by a positive effect on growth from a large increase in resource levels (measured using a bioassay). Further, the positive Anax effect was dependent on nutrient level, illustrating the role of the resource response magnitude. Results of this study are discussed in the context of studies in which Anax had the opposite (i.e. negative) effect on tadpole growth. Predator-induced modi®cations in prey behaviour can have large negative or positive effects on prey growth, the sign and magnitude of which are dependent on relative species density and resource dynamics.
I N T R O D U C T I O N
There is abundant and growing evidence that predator presence can strongly affect an organism's growth rate through the effects the predator has on the organism's phenotype (e.g. Werner et al. 1983; Van Buskirk & Yurewicz 1998; Nakaoka 2000; Relyea 2000; McPeek et al. 2001; Peckarsky et al. 2001) . This is due to an intrinsic trade-off faced by organisms while foraging: trait modi®cations that reduce predation risk are predicted to cause a reduction in foraging rate (Gilliam 1982; Abrams 1984 Abrams , 1987 Houston et al. 1993; Werner & Anholt 1993) . Recent empirical work is demonstrating that many species from diverse taxa and disparate ecological communities respond to predators by modifying traits that determine behaviour (e.g. activity level or microhabitat preference), morphology, physiology and life history (reviewed in Lima & Dill 1990; Kats & Dill 1998; Lima 1998; Tollrian & Harvell 1999) . Therefore, predator effects on prey growth rate through induced modi®cations in prey phenotype could be widespread.
A predator-induced reduction in prey foraging rate can have two opposing effects on prey growth. Consider a three level trophic chain, in which the top, intermediate and bottom levels are termed the predator, consumer and resource levels, respectively. Consumer growth rate will be negatively affected by predator presence from predatorinduced reductions in foraging rate that come at the cost of trait-modi®cations used to reduce predation risk (e.g. activity level reductions and shifts to habitat with lower resource levels). In addition, a predator-induced reduction in consumer foraging rates will be likely to have an indirect positive effect on resource levels (Turner & Mittelbach 1990; Huang & Sih 1991; McIntosh & Townsend 1996; Beckerman et al. 1997; Turner 1997; Peckarsky & McIntosh 1998; reviewed in Werner and Peacor, unpublished manuscript) that could potentially re¯ect back and positively affect consumer growth. That is, individual foraging rates are reduced in predator presence, but the combined effect of the reduced foraging of the entire group leads to an increase in resource levels that can positively affect individual growth.
These opposing effects of the predator-induced trait-modi®cations on consumer growth will hereafter be termed the direct negative and indirect positive effect of the predator.
The net effect on consumer growth rate of predatorinduced reductions in consumer foraging rates can potentially be negative or positive depending on the relative contribution of the direct negative and indirect positive effects. Several studies have shown how predator presence can lead to a reduction in prey growth rate, indicating that the negative effect was stronger than the opposing indirect positive effect (e.g. Werner et al. 1983; Van Buskirk & Yurewicz 1998; Nakaoka 2000; Relyea 2000; McPeek et al. 2001; Peckarsky et al. 2001) . However, given the nonlinear relationship between resource growth rate (population or somatic) and resource levels, a reduction in the consumer foraging rate can potentially cause a proportionately larger increase in resource level. In such a case, the indirect positive effect will be larger than the negative direct effect and we arrive at the counterintuitive prediction that the predator can have a net positive effect on consumer growth rate by inducing a reduction in consumer foraging rate (Abrams 1987 (Abrams , 1992 Abrams & Rowe 1996; Diehl et al. 2000) . In this scenario, the predator presence effectively reduces the rapid foraging rates used to optimize individual ®tness that can overexploit resources and cause low growth rates, to lower foraging rates with proportionately higher resource levels that can sustain higher consumer growth. The magnitude of the indirect positive effect will be a function of prey density and the functional relationship between resource growth rate and resource level ( Fig. 1 ). If resource level is high and primarily limited by intraspeci®c competition then a foraging reduction will not have a large effect on resource levels (Fig. 1a ). In contrast, if resource level is low and primarily limited by predation (including herbivory) then a foraging reduction can have a large indirect positive effect on resource level (Fig. 1b ). The magnitude of the resource response to reduced foraging, and therefore of the indirect positive effect, will also be determined by factors such as the form of the functional relationship between resource growth rate and resource level, interspeci®c competition for the resource, and the fraction of resource in refuges from consumption.
Theoretical analysis indicates that the indirect positive effect discussed above in relation to short-term growth rates can potentially have a large effect on population density and dynamics. For example, the net effect of a predator on prey density can be transformed from negative to positive if phenotypic responses of prey to changes in predator density are included in population models (Abrams 1987 (Abrams , 1992 Abrams & Rowe 1996) . The mechanism responsible for reversing the predator effect is the same as discussed above in relation to consumer growth rate. This prediction is in contrast to the traditional prediction that a predator will have a cascading negative and positive effect on prey and resources (e.g. Oksanen et al. 1981; Carpenter et al. 1987; Leibold 1996) . Rather, the predator is predicted to have a positive effect on both prey and resource density.
Are indirect positive effects on a species growth, through predator-induced modi®cations in traits, large enough to contribute to net predator effects? Growing evidence that predators have positive trait-mediated indirect effect on resource levels through induced reductions in consumer foraging rate (reviewed in Werner and Peacor, unpublished manuscript) suggests that consequent indirect positive effects on prey growth could be widespread and important. Note, even if the net predator effect is negative, the positive component of the net predator effect could still be large and play an in¯uential role in determining species growth rates, abundance and dynamics. In this paper, I present empirical work demonstrating a predator-induced reduction in consumer foraging rates can cause an increase in consumer growth rate through the mechanisms presented above. The 
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Resource level Resource level Figure 1 Effect on consumer resource levels of a predatorinduced reduction in consumer foraging rate. The parabolic curve represents the resource growth rate (dR/dt) as a function of resource levels assuming logistic resource growth. The straight lines represent herbivory (or predation) rate, H, as a function of resource density (assumed linear for simplicity) in the absence (dashed lines) and presence of a 50% reduction in herbivory (or predation) rates. If we assume constant herbivory levels and resource equilibrium, the intersection of these lines determines the resource level under different levels of herbivory. (a) At low herbivory levels, resources are primarily limited by intraspeci®c competition, and a reduction in herbivory has only a week effect on resource levels. (b) In contrast, at high herbivory levels, resource levels are limited primarily by herbivory. Under these conditions, a predator caused reduction in herbivory by 50% can lead to proportionately larger increase in resource levels (a 450% increase in the ®gure). The actual magnitude of the increase in resources will depend strongly on the form of the resource growth rate±resource level curve, the form of the herbivory±resource level curve, and other factors such as the resource refuge level and interspeci®c competition for the resource (see Noy-Meir (1975) for a review and discussion of the effect of reduced herbivory on resource levels under a wide range of conditions).
net predator effect on consumer growth varied as a function of nutrient level, which was manipulated to help elucidate the underlying mechanisms of the predator effects and to illustrate the role of the resource response to a consumer foraging reduction. Results of this study are discussed in the context of previous studies in which predator presence had a net negative effect on consumer growth.
M E T H O D S
I examined the effect of a`nonlethal' predator on consumer growth (i.e. in which predators cannot kill consumers but there is perceived predation threat). By isolating nonlethal effects from density effects (i.e. predation), observed predator effects can be attributed to predator-induced effects on consumer traits. In particular, I examined small bullfrog tadpole growth (Rana catesbeiana) in presence and absence of caged larval dragon¯y predators (Anax longipes) in mesocosms ( Fig. 2 ). Small bullfrog tadpoles respond to chemical cues produced by Anax by reducing time active and changing microhabitat usage (e.g. Werner 1991; Peacor & Werner 1997; Relyea & Werner 1999) , both of which represent a reduced foraging rate. In order to shed insight into mechanisms underlying the effects of Anax, I manipulated nutrient levels in an attempt to create different resource responses to tadpole foraging rate reductions. This also allowed for a test of the predicted role of the resource response magnitude on the nonlethal predator effect. The design was therefore a 2´3 factorial design and was replicated four times for a total of 24 mesocosms.
The study was performed at the University of Michigan's E. S. George Reserve in southern Michigan using experimental pond mesocosms designed to mimic natural ponds.
Black polyethylene cylindrical cattle watering tanks 1.9 m in diameter were ®lled with 1300 L of well water. Each mesocosm received 6 g of rabbit chow as an initial tadpole resource and 300 g of dry oak leaves (Quercus spp.) as a substrate for periphyton and to provide structural complexity. The oak leaves and rabbit chow also provided nutrients that enhance periphyton growth. I inoculated each mesocosm with phytoplankton, periphyton and zooplankton collected from a local pond. I covered the mesocosms with green shade cloth (reducing light levels by 60%) to deter oviposition and colonization by aquatic insects, and to reduce temperature¯uctuations. Each mesocosm received four small cylindrical predator cages (positioned next to tank walls, near the water surface, and symmetrically around the tank) constructed from slotted plastic drainpipe with ends enclosed by ®breglass window screening.
I collected bullfrog eggs at the Saline Michigan Department of Natural Resources site. After growing to an average size of 10 2.5 mg (raised on rabbit chow) in wading pools, 180 small bullfrogs were added to each mesocosm. This density of tadpoles was chosen, based on previous experiments (e.g. Peacor & Werner 2000) , to ensure moderate tadpole growth in the presence of relatively high competition for resources. When small bullfrogs were added there was a uniform layer of their periphyton resources (primarily green algae and diatoms) on tank walls and leaf surfaces. Tadpoles were allowed to acclimate and grow for 10 days (reaching an average mass of 140 mg) at which point (2 July) treatments were instituted. On this date, I added one Anax to each predator cage (for a total of four Anax per mesocosm) in half of the 24 mesocosms.
To manipulate resource nutrient levels, 0, X and 2X of nitrogen (X 0.967 mmol m )3 of N, in the form of NH 4 NO 3 ) and phosphorus (X 0.076 mmol m )3 of K, in the form of KH 2 PO 4 ) were added to each mesocosm daily starting when treatments were instituted (2 July). Previous experiments in similarly constructed mesocosms showed that these nutrient addition levels (i.e. c. X) lead to an increase in periphyton levels that can cause a substantial increase (c. 50±100%) in tadpole growth rate (Peacor, unpublished data) .
I estimated resource availability in order to elucidate mechanisms underlying caged Anax effects. The reduction in density of the most edible forms of periphyton (e.g. large diatoms) by tadpole grazing can lead to large biomass increases of less edible forms (Kupferberg 1997; Peacor unpublished) . Resource biomass as determined by chlorophyll a or dry mass quanti®cation can therefore actually be a misleading metric of tadpole resource levels. I therefore used large bullfrog tadpole growth as a bioassay of small tadpole resource levels (Fig. 2 ). Large bullfrog tadpoles eat similar resources as small bullfrog tadpoles in the mesocosms, but they react much less (if at all) to caged Anax (see below). Thus,
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Anax Figure 2 The experimental food web. Solid arrows represent predation and point in the direction of energy¯ow. The experiment was designed to test if an Anax-induced modi®cation in small tadpole traits associated with reduced foraging rates (represented by the dashed arrow) can have a net positive effect on small tadpole growth.
Positive effect of predators 79 large bullfrog growth re¯ects the amount of resources available to small bullfrogs within the same mesocosm. I therefore added 5 large bullfrogs (average mass 1.8 0.25 g), collected at the same site as the eggs, to each mesocosm at the start of treatment manipulations (2 July). This low density minimized the potential impact of large bullfrogs on interactions between small bullfrogs and resources.
I performed observational measurements to examine how caged Anax and nutrient level affected small and large tadpole behaviour. To quantify tadpole behaviour I recorded the number of tadpoles above the tank¯oor, and the number of tadpoles active above the tank¯oor (swimming or feeding vs. inactive on tank walls). For each observational period, 6 to 10 observations for each mesocosm were made approximately every 45 min, and averaged to yield a single measurement of the response for each mesocosm. Measurements were made on 7 July in the afternoon for small bullfrogs at all three nutrient levels, and on 9 July in the afternoon, July 10 before dawn (with a dim headlamp), and July 10 in the afternoon for small and large bullfrogs at the intermediate nutrient level.
Tadpoles were allowed to grow for 15 days after which 20 small tadpoles and all large tadpoles were removed from the mesocosms, weighed, and returned to the mesocosms. The six treatments presented here are a subset of a larger experimental design (15 treatments) that also explored the relative contribution of nonlethal and lethal predator effects (Peacor & Werner 2001 ). This larger experiment was conducted until 29±30 July, at which point all tadpoles were removed and weighed. Tadpole growth, however, slowed in the latter part of the experiment (especially in the low nutrient treatment) presumably due to increased pressure on resources as tadpoles became larger. Here, I present only growth results of 17 July for clarity, although results from 29±30 July yield the same general conclusions.
S T A T I S T I C A L A N A L Y S I S
I used resampling techniques to test if caged Anax had a statistically signi®cant positive effect on large bullfrog growth (i.e. ®nal mass minus initial mass), and whether nutrient level affected the relative effect of caged Anax. I used resampling techniques because tests of biological meaningful interactions between two factors using conventional statistics such as ANOVA can be problematic (Wade 1992; Wootton 1994) . Because the main effect of nutrient on growth was not of interest, could be nonlinear, and could confound analysis of the relative effect of Anax at different nutrient levels, I factored out any potential main effects of nutrient level by dividing the average large bullfrog growth in each mesocosm by mean growth for all eight mesocosms within the same nutrient level. This procedure yielded 24 normalized measurements of large bullfrog growth, here-after termed the`growth response'. I then quanti®ed the Anax effect on growth by calculating the difference in the average growth response in the 12 Anax-present mesocosms from the average growth response in the 12 Anax-absent mesocosms. I compared the magnitude of this`actual' Anax effect to the magnitude of 10 000 identically calculated simulated' Anax effects computed from data in which the 24 growth responses were randomly assigned to the 24 mesocosms. The fraction of simulated Anax effects that was greater than the actual Anax effect is the P-value of this analysis. If less than 0.05 of the simulated Anax effects were larger than the actual Anax effect (i.e. P 0.05), then Anax was considered to have a signi®cant positive effect on large bullfrog growth. While this analysis tested for an overall effect of Anax, a similar analysis, using only the responses from eight mesocosms within a nutrient treatment, was also performed to test whether Anax affected large bullfrog growth at each nutrient level. Identical analyses of an Anax effect were also performed on small bullfrog growth and small bullfrog behavioural responses measured on 7 July. I used the same growth response to test whether caged Anax had a signi®cantly different effect on large bullfrog growth at different nutrient levels. At each nutrient level, I de®ned the caged Anax effect as the difference in average growth (averaged over the four replicates) in presence and absence of caged Anax. I tested whether the difference in this predator effect between two nutrient levels (for all three nutrient pairs) was signi®cantly different than zero by comparing it to 10 000 calculations of the difference using the 12 growth responses in Anax presence randomly assigning to each of the 12 Anax-present mesocosms, and the 12 growth response in Anax absence randomly assigning to each of the 12 Anax-absent mesocosms. If less than 0.05 of the absolute value of the simulated differences was larger than the absolute value of the`actual' difference, then Anax was considered to have had a signi®cantly different effect at the two nutrient levels. (Because there was no a priori prediction as to which nutrient level would yield the larger predator effect, it was necessary to take the absolute value of the difference of the predator effects at the two nutrient levels.) I performed similar analyses to examine if Anax had a differential effect on small bullfrog growth and small bullfrog behavioural responses at different nutrient levels. However, for small bullfrog growth, there was an a priori prediction that Anax would have a larger positive effect under conditions in which it had a larger positive effect on resource levels as indicated by large bullfrog growth. I thus compared only nutrient treatments in which Anax affected large bullfrog growth signi®cantly differently. Further, it was not necessary to take the absolute value of the difference in Anax effect at different nutrient levels, as the sign of the difference was predicted from large bullfrog growth results.
There was no statistical test performed on the caged Anax effect on the behavioural responses of the small and large bullfrogs measured on 9±10 July, as relevant results were overwhelmingly large. To insure that there were no confounding effects of tadpole mortality on tadpole growth, I performed an ANOVA on the percentage of surviving tadpoles recovered on 29±30 July. This data was arcsine transformed in order to meet assumptions of normality. There were no confounding effects of large bullfrog mortality as all except one survived.
E X P E R I M E N T A L R E S U L T S
Caged Anax had a signi®cant positive effect on overall small bullfrog and large bullfrog growth (Table 1a) ; small bullfrogs grew, on average, 26% larger in caged Anax presence, while large bullfrogs grew 250% larger (Fig. 3) . Large bullfrogs grew, on average, approximately 100%, 700% and 250% more at X0, X1 and X2, respectively (Fig. 3a) , and this represented a signi®cant positive effect at X1 and X2 (Table 1a ). The effect of caged Anax on large bullfrog growth was signi®cantly larger at X1 than X0, but not between X2 and X0 or between X2 and X1 (Table 1b) . Small bullfrogs grew at approximately the same rate in presence and absence of Anax at X0, but 50% and 40% larger at X1 and X2, respectively (Fig. 3b ). This positive effect was signi®cant at X1, but marginally insigni®cant at X2 (Table 1a) . Moreover, the effect of Anax was signi®cantly different at different nutrient levels, as there was a larger effect on small bullfrog growth at X1 than at X0 (Tabel 1b). These growth results were unlikely confounded by mortality, as tadpole survivorship was high (84% on average) and there was no effect of caged Anax (P 0.97) or nutrient level (P 0.17) on small bullfrog survival.
Anax had a strong effect on small bullfrog behaviour (Figs 4 and 5) . In presence of Anax there were fewer small bullfrogs above the tank¯oor and fewer small bullfrogs active above the tank¯oor. This effect was clearly much larger during the day than at night. In contrast, caged Anax had a very weak (if any) effect on large bullfrog behaviour (Fig. 4) . Analysis of observational measurements performed 7 July at all nutrient levels indicated that Anax did not have signi®cantly different effect on tadpole behaviour at the different nutrient levels (Table 1b) . However, there is a trend in the data (Fig. 5) suggesting that Anax had a weaker Table 1 P-values of the random sampling analysis of (a) caged Anax effect, and (b) differential caged Anax effect at different nutrient levels on large bullfrog growth (®nal minus initial average mass), small bullfrog growth, and small bullfrog behavioural responses (number above the tank¯oor and number active above the tank¯oor measured on 7 July). For small bullfrogs, the differential effect was only analysed where results of the large bullfrog results suggested Anax could have a positive effect according to the hypothesized mechanism (see text). Therefore, a statistical analysis was not performed on the differential caged Anax effect between X0 and X2, and X1 and X2 and marked with not applicable (n.a.) in the effect on microhabitat use (i.e. number above the tank¯oor) at X0 than at the two higher nutrient levels.
D I S C U S S I O N
The principal result of this study is that caged`nonlethal' Anax had an indirect positive effect on small bullfrog growth. The proposed mechanism behind this counterintuitive result was further supported. In the presence of Anax, two opposing effects were evident. First, trait changes associated with reduced foraging rates were observed; in the presence of Anax, tadpoles were less activeÐa measure that quanti®es time spent feeding and time spent swimming (presumably searching for high quality resource patches). Further, in presence of Anax, small bullfrog microhabitat shifted to a larger fraction of time on the tank¯oor with less time foraging on tank walls. Second, there was an indirect positive effect of Anax on resources available to small bullfrogs. Large bullfrogs reacted very little, if at all, to the presence of Anax and thus the observed higher large bullfrog growth in the presence of Anax indicates higher resource availability. On average, the indirect positive effect on small bullfrog growth was greater than the direct negative effect, causing a net positive effect. Analysis of the differential effects of caged Anax at different nutrient levels lends further support to the hypothesized mechanism underlying the overall positive effect on small bullfrog growth. At X0, the indirect positive effect of Anax on tadpole resources, as indicated by large bullfrog growth, was much lower than at X1. If an indirect positive effect on resource level was responsible for the positive effect on small bullfrog growth, then we would predict a larger positive effect of Anax on small bullfrog growth at X1 than at X0, as observed. Apparently, at the lowest nutrient addition level (X0) strong negative and indirect positive effects counterbalanced each other to yield a negligible net effect of the caged Anax on small tadpole growth. In contrast, at the higher nutrient addition levels, the indirect positive effect offset the negative effect, for a net positive effect of the caged Anax on small tadpole growth.
The larger indirect effect of Anax on resources at X1 than at X0 was likely to be due to a steeper response of periphyton growth when Anax reduced tadpole foraging. Further, although not statistically signi®cant, a trend in the behavioural data suggests small bullfrog tadpoles reacted less to Anax at X0 (Fig. 5) . Indeed, a weaker behavioural response at lower resources is predicted by theory (Gilliam 1982; Abrams 1984 Abrams , 1987 Houston et al. 1993; Werner & Anholt 1993) , and has been demonstrated empirically for tadpoles (Anholt & Werner 1995; Peacor & Werner 1997; Relyea 2002) . It is therefore plausible that further behavioural measurements may have shown that the observed trend was signi®cant, and this also would contribute to a smaller effect of Anax on resource levels at X0. (Note that the indirect effect of caged Anax on resource levels, as indicated by large bullfrog growth, at X2 was intermediate between that at X0 and X1. It is dif®cult to predict a priori how nutrient level will in¯uence the predator effect, as many factors including the functional form of the resource growth rate±resource level relationship and the relative level of herbivory will affect the magnitude and direction of the effect. Further, prediction concerning periphyton responses to herbivory reduction is dif®cult because periphyton is composed of multiple species that are differentially sensitive to nutrient levels and nutrient ratios. The use of several nutrient levels in this experiment therefore served to produce different resource responses to tadpole foraging reduction, but I could not predict how they would be different quantitatively or even qualitatively.) There are two potential alternative mechanisms that could contribute to the overall positive effect Anax had on small tadpole growth. First, because caged Anax were fed small tadpoles, nutrients excreted by Anax could facilitate periphyton growth, and hence tadpole growth. I have, however, tested for this process in several experiments performed in similar mesocosms and never found signi®cant effects, and certainly no effects that could account for the large increases observed here (Peacor, unpublished data) . Moreover, we would expect this mechanism to be pronounced most strongly at low nutrient addition levels, but it was at X0 that Anax had no net positive effect. Second, Anax-induced reduction in tadpole activity levels could lower the metabolic loss of tadpoles, leaving more energy to invest in growth. However, several experiments (Peacor, unpublished data) that have examined tadpole growth in mesocosms similar to those used here, but in which resource level was controlled by using arti®cial resources, have shown that metabolic losses are small at the growth rates exhibited in the present experiment. There are also a number of laboratory experiments that demonstrate that if tadpoles are fed an equal low food level they grow at the same rate even with very large predator-induced activity reductions (Skelly & Werner 1990; Relyea 2001; Relyea 2002) . This is expected if metabolic losses associated with activity differences are negligible because tadpoles garner the same amount of resources in presence and absence of predator-induced activity reductions when resource levels are low and resources are easily accessible in the containers used in laboratory experiments. Thus, it is unlikely that growth increases due to reduced metabolic losses could be responsible for the large growth increase seen (e.g. 50% increase at X1 in spite of reduced foraging) in the presence of Anax in the present experiment. Therefore, while these two mechanisms could contribute to the positive effect of the predator, I believe their contribution is small.
The potential for the nonlethal predator effect on prey growth to be negative, nonexistent or positive underscores the importance of considering the resource response when examining such effects. The negative effect on growth of reduced foraging rate can be offset by a large indirect positive effect, as demonstrated in this experiment, or overwhelm the indirect positive effect, as demonstrated in a number of other studies (e.g. Werner et al. 1983; Van Buskirk & Yurewicz 1998; Nakaoka 2000; Relyea 2000; McPeek et al. 2001; Peckarsky et al. 2001) . For example, in an experiment performed in similarly constructed mesocosms but with lower tadpole densities, caged Anax had a similar strong negative effect on small bullfrog activity and microhabitat usage as that seen in the present experiment (Peacor & Werner 2000 ; data at low green frog tadpole density). In contrast to the present experiment, however, the reduced foraging rate had little effect on resource levels because tadpole density was low. Therefore the negative direct effect of caged Anax on small bullfrog growth strongly offset any indirect positive effects.
Even if the net effect of a predator on its prey through induced trait-modi®cations is negative or nonexistant, however, the indirect positive effect may be in¯uential by opposing the direct negative effect of the predator. For example, at low nutrient level in this study, we might naively assume that equal growth rates of small bullfrogs in presence and absence of Anax indicate that Anax had no effect, when in fact there were likely to be large opposing negative and positive effects. This may also be the reason why Turner & Mittelbach (1990) did not observe a nonlethal effect of bass on bluegill growth when there was a large nonlethal indirect effect of bass on bluegill resources. Recognizing this`hidden' positive effect in such systems is important for understanding the underlying mechanisms affecting nonlethal predator effects and for representing predator effects in models.
There is an important conceptual difference between the positive effect of the predator on consumers described here, and positive effects of predators on consumers through different mechanisms presented elsewhere. Other studies have shown that a predator can have a positive effect on consumer growth by reducing the density of intra-or interspeci®c competitors (e.g. Paine 1966; Wilbur 1988) or predators (Oksanen et al. 1981; Carpenter et al. 1987; Schoener 1993; Menge 1994 ) of the consumers, or by reducing the foraging rates of interspeci®c competitors or predators of the consumers (reviewed in Werner and Peacor, unpublished manuscript) . In all of these cases, the predator has an indirect positive effect on a subset of organisms that arises from a negative effect (death or reduced foraging rates) of the predator on another subset of organisms. In contrast, in the present study, predators inhibit a negative effect the consumers cause (as a collective group) on their own growth. Individual consumers forage at a rate that bene®ts individual ®tness, but as a collective group this rate can reduce the density and/or productivity of their resources to low levels, i.e. they`overexploit' (sensu Abrams 1987) or`overgraze' (sensu Noy-Meir 1975) the resource. The presence of the predator in this study acted to shift the foraging strategy of the individual to one in which the collective effect on resources is less severe, and consequently led to higher density and/or productivity of the resource and therefore positively affected consumer growth. This positive effect on consumer growth is similar to that seen in the management of livestock, in which human control of livestock foraging causes a positive effect on growth compared to unrestrained foraging, through positive effects on resource production.
The two key processes that led to the indirect positive effect of the predator on prey growth in this experiment are common in diverse natural systems, and thus may be in¯uential in natural systems. First, tadpoles responded to Anax by modifying phenotype in a manner that reduced foraging rate. This has been demonstrated for many species representing diverse taxa (reviewed in Lima & Dill 1990; Kats & Dill 1998; Lima 1998; Tollrian & Harvell 1999) . Second, the tadpoles reduced resource levels to low enough densities that the predator-induced reduction in foraging rates was met by a positive resource growth response. This can occur whenever predation (including herbivory) plays an in¯uential role in limiting resource growth (as opposed to resources being limited strictly by`bottom up' factors), a process that commonly occurs in both terrestrial and aquatic systems (see, e.g. Huntly 1991; Carpenter & Kitchell 1993; Leibold et al. 1997) . The necessary mechanisms for the indirect positive effect of the predator are thus satis®ed, and there is therefore reason to believe the predator effects on prey growth demonstrated here can occur in diverse natural systems. While I have examined the predator±consumer ±resource chain in terms of three species, the same processes could be important in systems in which multiple species at the consumer trophic level modify traits to reduce predation risk from multiple predators.
In conclusion, this study adds to growing evidence that effects of predator-induced modi®cation in prey traits can play a large role in determining the effect of predation in ecological communities. Historically, ecologists have focused on density effects when examining the potential importance of species interactions in determining abundance and dynamics of species. Recently, however, ecologists examining diverse systems are demonstrating that the underlying mechanisms that can cause trait-mediated effects are ubiquitous, and ecologists are increasingly demonstrating that trait-mediated effects can play a large role in structuring ecological communities. Here, I have shown a rather counterintuitive consequence of predator-induced effects on prey traits, i.e. that a positive effect on prey growth can result. It is plausible that predators in natural systems can have an indirect positive effect on their prey through the mechanisms outlined here, and that the general mechanisms could operate in systems with multiple species within trophic levels. Even if the indirect positive effect simply opposes (rather than offsets as demonstrated here) the direct negative effect of a predator-induced reduction in prey foraging, it still can be an important mechanism contributing to the net effects of a predator on its prey. 
